Introduction
In national income accounting, exports play a vital role in determining national output. This has led economists to coin economic growth hypotheses, namely: the growth-driven exports hypothesis and the export-led growth hypothesis. The concern is that many economies are driven by exports, which works against controlling emissions. Asian countries, particularly China and India, are often defined as export-led economies. The glitch with export-led growth economies is that they tend to be substantial carbon dioxide emitters. Countries such as China and India face pressure to limit carbon dioxide discharges. China proposed a 40-45% reduction in carbon dioxide emissions by 2025. According to Gregg et al. [2008] , China is the largest emitter of carbon dioxide globally and India reportedly has a high emissions growth of carbon dioxide. As both China and India became major economic players, their high growth has had a major impact on the environment. Carbon dioxide is not the only gas that has detrimental effects. There are other gases liberated, such as sulphur dioxide, which is associated with respiratory malfunctions and acid rain. Individuals living near mining industries have also reported early blindness as a side effect of sulphur dioxide emissions. The harmful outcome of excess carbon dioxide is the greenhouse effect, as carbon dioxide traps the sun's heat resulting in an upsurge in the earth's temperatures. Ecologists have predicted that in the long run, this process can lead to a dramatic change in the world's climate. Economies that rely on food exports (such as rice, maize, and cocoa) will be affected adversely by this alteration. China has been active in soliciting new technology to combat emissions through emissions trading system, and Malaysia stepped forward by introducing green taxation to limit emissions. Even though carbon levies have proved to be effective, their ramifications on economic growth are not impressive.
Manufacturing industries are limited by carbon taxation, which often leads to a decline in economic growth, especially in countries such as China and India. Most existing studies have focused on economic growth, carbon dioxide emissions and energy consumption. Few studies have attempted to address the direct relationship between exports and carbon dioxide emissions. Even though this relationship has not been studied in depth, the long run association of the variables carries robust implications for energy consumption, emissions reduction and economic growth. Many economies face a dilemma: either they reduce carbon dioxide emissions or divert their resources to economic growth.
It is important to identify the main drivers of an economy before attempting to reduce emissions. If an economy is driven by exports as the main source of income, then careful measures should be enforced to ensure that economic growth is not hindered. Where, however, a country does not produce high-tech exports, income could be accrued from sources such as tourism, education fees, income tax or rent. In that case, it would be easier to enforce policies reducing carbon dioxide emissions -such as green taxation. Countries that export minerals -such as copper (e.g. Zambia) and diamonds (e.g. Botswana) -have to be more cautious with the magnitude of emissions as well as practicality in the use of minerals. It is therefore imperative to understand the relationship between exports and carbon dioxide emissions. Hypothetically, if a country intends to reduce emissions, policy makers can enforce energy conservation regulations, which should lead to low emissions. However, other macroeconomic variables such as unemployment may then rise. For instance, an administrator operating a local coal plant may then need less workers to operate energy supply projects. This paper proposes that exports rely on energy, which results in high energy demand. Consequently, exports growth increases energy consumption, resulting in high carbon dioxide emissions. By using the transitive property in mathematics, we can infer that exports production drives carbon dioxide emissions. This paper contributes to the literature by examining the long term relationship between exports and carbon dioxide emissions. The question is, why is the relationship between exports and carbon dioxide evaluated in this study?
We posit two main reasons: First, this relationship is important in determining market response to associated exports. The expectation is that if carbon dioxide emissions are induced by exports, it implies demand for manufactured products. This creates a rise in energy consumption leading to the production of more carbon dioxide. Second, this relationship facilitates the evaluation of the prudent use of resources, based on the presumption that exports induce an increase in carbon dioxide emissions and demand for energy. Economies need to determine proper consumption channels of fossil fuels to avoid complete depletion. This means they have to consider exports production and rising carbon dioxide emissions without exhausting energy sources. An alternative will be to carry out a production process that will produce more energy with fewer emissions. However, this situation will differ depending on a country's energy sources. The investigation applies the Toda and Yamamoto [1995] causality process to analyse causal links between economic variables. The rest of this paper is structured as follows: first, we review the literature, followed by description of methodology and empirical test results. We then discuss our results and reach conclusions.
Literature Review
The existing literature generally focuses on energy consumption, economic growth and carbon dioxide emissions. Alshehry and Belloumi [2015] confirmed significant long run relationships between energy consumption, energy prices, carbon dioxide emissions and economic growth in Saudi Arabia. Their study relied on the Johansen multivariate cointegration technique. The results showed that energy consumption stimulated economic growth and carbon dioxide emissions. This means that controlling energy consumption will impinge on economic development and the magnitude of emissions. The authors suggested that macroeconomic policies intended to reduce energy consumption and carbon dioxide emissions many not adversely affect Saudi Arabia's economic growth.
However, Wang [2013] suggested that upsurges in carbon dioxide emissions are caused by output growth in the USA and China. The results are reasonable, particularly for China. China's exponential economic growth has been attributed to exports. In this method of economic growth, industries also expand resulting in more carbon dioxide emissions. Today China is the largest emitter of carbon dioxide in the world. According to Wang [2013] economies can reduce their emissions by minimizing energy intensity. Fossil fuels usually have a high energy value but their emissions are robust. Economies therefore need to determine an equilibrium function that maximizes output and minimizes emissions simultaneously. Similarly, Omri [2013] found that energy consumption is the main source of carbon dioxide emissions in MENA countries.
In another study by Zhang and Cheng [2009] , a causality effect from energy consumption to carbon dioxide emissions was observed in China. That study further showed that both carbon dioxide emissions and energy consumption had no significant impact on economic growth. The authors suggested that since economic growth is not influenced by energy consumption or carbon emissions, China can carry energy policies that reduce emissions without affecting economic growth. These results were welcomed by China because it is under intense pressure to cut emissions and continue economic growth. The issue is the relationship between economic variables, which is not fixed. Over time empirical analysis can show that economic growth is directly influenced by energy consumption and carbon dioxide emissions. If that is the case, policy makers need to revisit energy policies frequently. In the Turkish economy, carbon dioxide emissions had a significant bearing on energy consumption [Soytas, Sari, 2009] . As with China, no significant relationship between output and emissions was observed. Loganathan et al. [2014] revealed bidirectional causal links between carbon tax and carbon dioxide emissions in Malaysia. The authors noted that economic growth induced an increase in carbon dioxide emissions. However, green taxation stimulated economic growth in the long run. Zhixin and Ya [2011] also suggested that carbon tax could stimulate economic growth in eastern parts of China.
It is important to note that there are other drivers of energy consumption such as population density [Jafari et al., 2012] . In China, carbon dioxide emissions growth was also exacerbated by the needs of transport sector. Xu and Lin [2015] showed that between 1980 and 2012 carbon dioxide emissions in China's transport sector increased approximately 9.7 times, with an average annual growth rate of 7.4%. Exports production has been associated with high carbon dioxide emissions. Chang et al. [2013] examined the ramifications of energy exports and economic growth using the bias-corrected least square model for five Caucasus economies (Azerbaijan, Armenia, Georgia, Russia and Turkey). The study proved that economic growth is brought by high energy exports and globalization. Kahrl and Roland-Holst [2008] observed that exports are the largest source of energy demand growth in China.
To summarize the literature review, the main driver of carbon dioxide emissions is energy consumption as the majority of economies use fossil fuels for energy and exports production. Fossil fuels are also used to generate electric power. Additionally, automobiles use fossil fuels such as gasoline during internal combustion, which adds to carbon dioxide emissions. In China, energy consumption and carbon dioxide emissions were found to have no significant effects on economic growth. The literature shows that exports generate an increase in energy demand. Few studies have investigated whether exports affect the magnitude of carbon dioxide emissions. This research aims to determine the direct relationship between exports and carbon dioxide emissions over the period 1960 to 2010 using the Toda and Yamamoto [1995] causality approach.
We postulate that exports increase energy consumption (high demand), leading to high carbon dioxide emissions. Denoting exports as E t ; energy demand as D e ; energy consumption as C e and carbon dioxide emissions as CO 2 . The relationship can be represented as:
Logically, we can evaluate the direct relationship between exports and carbon dioxide emissions as represented by the following anticipated relation:
In summary, the literature fails to address the direct relationship between exports and carbon dioxide emissions. This paper aims to contribute to the existing literature by validating causal links between exports and carbon dioxide emissions using the Toda and Yamamoto [1995] causality approach.
Data Sources and Methods
This paper surveys the relationship between income accrued from exports and carbon dioxide emissions. The data was obtained from a web source named The Global Economy (http://www.theglobaleconomy.com/). The data source contains a number of different macroeconomic variables. This study examines thirty-seven different economies over the period 1960 to 2010. Exports were selected in this study because they are important in export-led growth economies and should not be dissociated with carbon emissions from manufacturing industries. Consideration was given to net exports; however that will necessitate reducing exports data with imports. Focusing on exports is crucial as they are directly linked with manufacturing industries that require energy, and generate emissions. Many economies, in consequence, are concerned with rising carbon dioxide emissions from exports production. Another plausible variable is GDP Carbon dioxide emissions were measured in tonnes (t) while income from exports was measured in billions of US dollars. The actual data were converted to natural logarithms to perform our analysis. It is imperative that the data set is examined for unit roots. The Augmented Dickey Fuller test [Dickey, Fuller, 1979] was selected to test for stationarity of the variables. The testing procedure of the ADF is derived from the following generalized model:
The model applied in this study is:
The definition of terms is as follows: the regression constant is α and β is the coefficient of the time trend. Following Asemota and Bala [2011] , ε t was defined as the white noise error term. Eviews 7 was used to test the stationarity of the series. Table 1 
Eviews 7 was used to compute the ADF unit root test. The null hypothesis for the test is "series x, has a unit root". S o u r c e : own elaboration.
The above results show that the data is non-stationary at different levels (1%, 5% and 10%). This is proved by ADF statistics, which are greater than the critical values. The following series were stationary: Trinidad and Tobago, Senegal, Italy and Chile.
The Toda and Yamamoto [1995] Approach to Granger Causality
The aim of this paper is to investigate the long run relationship between exports and carbon dioxide emissions. The expectation is that as income escalates from exports production, carbon dioxide emissions will also intensify. The Granger causality test [Granger, 1969] was not selected because not all data in this study are non-stationary. Granger causality also has several limitations. First, if the variables under consideration are driven by a common third process with different lags, there is a possibility of failing to reject the alternative hypothesis of Granger causality. In addition, Granger causality is often based on the assumption that causal relations are a result of cointegration. The advantage of the Toda and Yamamoto [1995] approach is that the VAR's formulated in the levels can be estimated even if the processes may be integrated or cointegrated of an arbitrary order. Wolde-Rufael [2005] observed that the Toda and Yamamoto [1995] approach fits a standard vector autoregressive model in the levels of the variables. In consequence, this minimizes the risks associated with the likelihood of mistakenly identifying the order of integration of the series [Mavrotas, Kelly, 2001] . The literature has developed a number of cointegration methods following the contributions of Saikkonen and Lütkepohl [2000a, 2000b] ; Johansen and Juselius [1990] ; Johansen [1988 Johansen [ , 1991 ; Granger [1981] ; Granger and Weiss [1983] ; Engle and Granger [198] ); Granger and Engle [1985] ; Stock [1987] ; Phillips and Durlauf [1986] ; Phillips and Park [1986] ; Phillips and Ouilaris [1986] ; Stock and Watson [1987] ; Park [1990 Park [ , 1992 ; Phillips and Hansen [1990] ; Hovarth and Watson [1995] ; Saikkonen [1992] and Elliot [1998] . Most of these studies are based on the assumption that cointegrated variables will be attracted to each other in the long run. Toda and Yamamoto [1995] noted that if economic variables are not cointegrated then the VAR should be estimated in first-order differences of the variables to validate the conventional asymptotic theory. In consequence, the Toda and Yamamoto [1995] approach is applicable even if the VAR may be stationary, integrated of an arbitrary order or cointegrated of an arbitrary order.
This study applies the Toda and Yamamoto [1995] approach as discussed by Wolde-Rufael [2005] . The testing procedure starts by augmenting the correct VAR order k by the maximal order of integration d max [Wolde-Rufael, 2005] . Following this, a (k + d max ) th order of the VAR is estimated and the coefficients of the last lagged d max vector are ignored [Caporale, Pittis, 1999; Rambaldi, Doran, 1996; Rambaldi, 1997; Zapata, Rambaldi, 1997] . Denote exports as LX and assign carbon dioxide emissions as LE. The VAR system of the variables can now be depicted as:
Empirical Results
Eviews 7 was used to carry out the Toda and Yamamoto [1995] approach to causality. The results show that carbon dioxide emissions have a significant influence on exports in the following economies: Bolivia, Canada, Costa Rica, Morocco, Austria and Ireland. These countries registered ρ-values less than the 5% critical level, suggesting that we have to reject the null hypothesis of non-causality. The reverse causality proved that an increase in exports induces an upsurge in carbon dioxide emissions in twelve countries, namely: Barbados, Ecuador, Mexico, Trinidad and Tobago, Kenya, Niger, Senegal, South Africa, Australia France, Spain, and the UK. Burkina Faso and the USA are the only economies that exhibited bidirectional causal links between carbon dioxide emissions and exports. Note: EXP represents Exports. The arrows signify the direction of causation. ⇒ implies causality in a given direction; ⇔ implies a bidirectional causal relationship; ⇎ implies that there is no causality between the variables. The test was carried out at 5% significant level. The null hypothesis (H 0 ) is that a given variable does not Granger cause the other (non-causality). Note that ρ-values less than the 5% critical level (ρ < 0.05) represent causality in a given direction. The null hypothesis is therefore rejected for ρ-values less than the significant level. Asterisks (**) represent a causal relationship at the 5% significant level. Eviews (7) was used to carry out the Toda-Yamamoto approach to Granger causality. S o u r c e : own calculations.
Implications and Conclusion
This paper examined the direct relationship between exports and carbon dioxide emissions using the Toda and Yamamoto causality procedure for the period 1960 to 2010. The results show that carbon dioxide induces exports in the following economies: Bolivia, Canada, Costa Rica, Morocco, Austria and Ireland. The results further show that carbon dioxide emissions are associated with rising exports in Barbados, Ecuador, Mexico, Trinidad and Tobago, Kenya, Niger, Senegal, South Africa, Australia, France, Spain and UK. The results of the causality test further show that there are bidirectional affiliations between exports and carbon dioxide for Burkina Faso and the USA.
Our results have some implications for policy making. In economies where exports induce carbon dioxide emissions, the relationship between exports and carbon dioxide emission, may be explained by a high demand for manufactured goods. Such demand creates upsurges in energy consumption leading to the production of more carbon dioxide. This does not mean that exports are the only link to rising energy demand and carbon dioxide emissions. The entire export production process, including value adding processes up to the finished product, could be responsible for a rise in carbon dioxide emissions. Reducing carbon dioxide emissions in this case will not be drastic and without complications. First, one has to consider alternative energy sources and their efficiency in the production of exports. Energy consumption for exports differs from commodity to commodity. In this scenario an economy will have to create objective functions that will satisfy market demand and produce reasonable carbon dioxide emissions. This may explain why China's efforts in reducing carbon dioxide emissions have not been successful because the economy also has to meet market demand for various goods. Nonetheless, in the case where carbon dioxide induces an increase in exports there are several possible explanations. This could mean that an economy is producing high energy exports, for example automobiles. This creates high energy demand leading to more carbon dioxide emissions. In this case economic growth will be dependent on fulfilling market demand by manufacturing high energy exports. In practical terms, reducing carbon dioxide drastically may not be beneficial for an economy. There are several objectives to consider. Every economy is different but economic growth is a top priority for all. To better understand the role of exports on emissions, they should be disaggregated rather than using their cumulative value. This would help reveal which exports specifically fulfil the high energy exports market for a given economy. In conclusion, there is a significant relationship between exports and carbon dioxide emissions. 
